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REYNOLDS NUMBER EFFECTS ON 

HYPERSONIC CHARACTERISTICS OF A 0.010- 

SCALE MODEL OF THE 139-8 SHUTTLE ORBITER 

(LA35) 

BY 

Peter T. Bernot, NASA/LaRC 

SUMMARY 

Longitudinal  and l a t e r a l - d i r e c t i o n a l  s tab i  1 i ty  c h a r a c t e r i s t i c s  o f  the 

Rockwell I n t e r n a t i o n a l  139-8 o r b i t e r  (model 32-0) were obtained i n  the 

NASA/Langley Conti nuous F1 ow Hypersoni c Tunnel (CFHT) a t  Mach 10.3. Tests 

were made a t  Reynolds numbers of 1.04 x 10 6 and 2.17 x 10 6 (based on body 

length)  over an angle of a t tack range of 12' t o  36' a t  s i d e s l i p  angles o f  

0' and -5'. Data were obtained a t  three elevon/body f l a p  se t t i ngs ,  

6, - 0  - -40 , 6BF = -14.25'; 6, = O o ,  ~ B F  = 0'; and 6, = 15O,  ~ B F  = 13.75'. 
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INTRODUCTION . 
This repo r t  presents the r e s u l t s  o f  Mach 10.3 t e s t s  o f  a 0.010-scale 

model of the 139-B o r b i t e r  con f igu ra t i on  i n  the Langley Continuous Flow 
Hypersonic Tunnel. These data serve as p a r t  o f  the o v e r a l l  aerodynamic evalua- 
t i o n  o f  the space s h u t t l e  o r b i t e r .  Longi tudinal  and l a t e r a l - d i r e c t i o n a l  
cha rac te r i s t i cs  were determined ver an angle o at tack range o f  12O t o  36' 
a t  Reynolds numbers o f  1.04 x 10 and 2.17 x 10 based on fuselage length.  
Tests were conducted a t  elevon and body f l a p  de f l ec t i ons  corresponding t o  the 
maximum p o s i t i v e  and negative design values as we l l  as 0 degrees. As the 
prime s h u t t l e  contractor,  Rockwell I n te rna t i ona l  suppl ied the model ; data p l o t s  
and tab les were prepared by Chrysler Corporation under NASA contract .  For t h i s  
i n v e s t i g a t i o n ,  designated CFHT Test No. 102 (LA-35), the tunnel occupancy t ime 
was 16 hours. 

b 

8 i! 

SYMBOL 

M 

9 

RN 

V 

a 

B 

P 

b - 
C 

S 

cN 

cA 

NOMENCLATURE 
General 

DATAMAN 
SYMBOL DEFINITION 

MACH Mach Number 

Q W M )  dynamic pressure, 1/2 PV 

RN 

2 

a Reynolds number based on body length, x 10 

v e l o c i t y  

ALPHA 

BETA 

BREF 

LREF 

SREF 

MRP 

CN 

CA 

angle o f  a t tack,  degrees 

angle o f  s ide s l i p ,  degrees 

mass densi ty  

Reference Def i n i  t i ons 

wing span 

w i  ng mean aerodynamic chord 

t o t a l  wing planform area 

moment reference p o i n t  

Body-Axi s Sys tern 

normal-force c o e f f i c i e n t ,  

ax ia l - f o rce  c o e f f i c i e n t ,  

normal f o rce  
qs 

a x i a l  force 
qs 

. 
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NOMENCLATURE (Conti nued) 

Body-Axi s Sys tem 

DATAMAN 
SYMBOL SYMBOL 

CY CY 

CLM 

Cn CY N 

CQ CBL 

DCY /DB 
cy$ 

DCYNDB 
cnB 

C DCBLDB 

6a AILRON 

&e 

BF 

ELEVTR 

BDFLAP 

DEFINIT ION 

side-force c o e f f i c i e n t ,  

pitching-moment c o e f f i c i e n t ,  

yawi ng-moment c o e f f i c i e n t ,  Y 

r o l l  ing-moment c o e f f i c i e n t ,  

s ide  fo rce  
qs 

i tch inq  moment 
q sc 

awing moment 
q Sb 

r o l l  i ng moment 
qSb 

Stabi 1 i ty-Axi  s Sys tern 
l i f t  l i f t  coe f f i c i en t ,  - 

qs 

d r a g  
qs 

drag c o e f f i c i e n t  , 

l i f t - t o - d r a g  r a t i o ,  CL/CD 

Additions t o  Standard L i s t  

side fo rce  c o e f f i c i e n t  d e r i v a t i v e  w i t h  
respect t o  beta, per degree 

yawing moment c o e f f i c i e n t  d e r i v a t i v e  w i t h  
respect t o  beta, per degree 

r o l l i n g  moment c o e f f i c i e n t  de r i va t i ve ,  w i t h  
respect t o  beta, per degree 

a i le ron  d e f l e c t i o n  f o r  r o l l  con t ro l ,  
posi ti ve de f  1 e c t i  on 1 e f t  t r a i  1 i ng panel - 6 ) / 2 ,  degrees down, (6eL 

elevon d e f l e c t i o n  f o r  p i t c h  cont ro l ,  
pos i t i ve  d e f l e c t i o n  t r a i l i n g  edge down, 
(6eL + 6 q ) / 2 ,  degrees 

body f 1 ap def  1 e c t i  on angl e, posi  ti ve 
de f l ec t i on  t r a i  1 i ng edge down, degrees 

eR 
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NOMENCLATURE (Concluded) 

Addi t ions t o  Standard L i s t  

DATAMAN 
SYMBOL SYMBOL DEFINITION 

%0 RUDFLR s p l i t  rudder f l a r e  angle, p o s i t i v e  de f l ec t i on  
t r a i  1 i ng  edges outward, degrees 

SUBSCRIPTS 

L 
R 

l e f t  
r i g h t  

MODEL 

The t e s t  con f igura t ion  was a 0.010-scale model of the RI-139B o r b i t e r  
(designated model No. 32-0). 
are as fo l lows: 

See f i g u r e  1. The various model components 

619 - Fuselage 
C7 - Canopy 
W107 - Wing 
E23 - Elevon 
V 7  - Ver t i ca l  t a i l  

F5 - Body f l a p  
N39 - Main propuls ion system (2 bottom nozzles on) 
R5 - Rudder 

M4 - OMS pod 

Each component i s  described i n  the dimensional data sheets i n  Table I. 

FACILITY AND TESTS 

5 The Mach 10 nozzle o f  the NASA/Ltngley CFHT i s  designed t o  operat 
a t  stagnat ion pressures o f  1.519 MN/m (15 atmspherea) t o  15.19 MN/m 
(150 atmospheres) a t  temperatures up t o  10890 K (1960 R). 
e l e c t r i c a l l y  by assing i t  through a mul t i - tube heater. 
0.78 m (31-inch ! square t e s t  sec t ion  and incorporates a movable second 
minimum. 
a ser ies o f  compressors. 
found i n  reference 1. 

A i r  i s  preheated 
The nozzle has a 

Continuous operat ion i s  achieved by passing the a i r  through 
Addi t ional  informat ion on t h i s  f a c i l i t y  can be 

. 



Model forces and moments were measured by a six-component, water-cooled, 
strain-gage balance (HCF-09) which was mounted on a 200 bent  s t ing (No. 11). 
See f igure  2 ,  Tests were conducted a t  stagnation pressures of 5.17 M N / d  
(750 psia)  an 10.82 MN/m2 (1570 psia) a t  Reynolds numbers of about 1.04 x lo6 
and 2.17 x IOf, respectively.  The Mach number was 10.32 for the lower 
pressure and 10.37 f o r  the higher pressure. 
from 12' t o  36O a t  s i d e s l i p  angle of  0' and -5O. 
speed brake deflection of 55O. Model base pressures were not measured in  
this investigation. 

The angle of at tack range was 
All tests were made w i t h  a 

The complete t e s t  program i s  presented i n  Table 11. 

DATA REDUCTION 

Aerodynamic coef f i ci  ents based on body-axi s and s tabi 1 i ty-axi s sys tems 

S - = t o t a l  w i n g  planform area = .025 m2 (.2690 ft2) 
c = wing mean aerodynamic chord = .12 m (4.748 i n )  
b = wing span = .238 m (9.367 in )  

(figure 3) were calculated u s i n g  the following reference values: 

A l l  moment coeff ic ients  were referenced about the nominal 65 percent 
center of gravity which  corresponds t o  a location .213 m (8.417 i n )  a f t  of 
the nose and .025 m (1.01 in )  below the fuselage top surface. 

Estimated inaccuracies i n  the body-axis coeff ic ients  are based on 
0.5 percent of the design loads for the HCF-09 balance. 
expressed i n  coef f ic ien t  form are: 

These inaccuracies 

M = 10.32 
q = 6890 N/m2 (1.0 psia)  

M = 10.37 
q = 14800 N/m2 (2.15 psia)  

.015 .007 cN 
C A .0039 . 00 18 

Cm .0033 .0015 

.oooz 
Cn .0003 
c, .ooo 1 

.0002 

,0032 .0015 
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PRESENTATION OF RESULTS 

The long i tud ina l  charac te r i s t ics  a t  B = Oo are  presented in f igure 4 
for Reynolds numbers of 1.04 x 106 and 2.17 x lo6. 
longitudinal character is t ics  a re  presented i n  the same manner for  B = -5 . 
The lateral-directional charac te r i s t ics  a t  both Reynolds numbers are  shown 
i n  f igures  6(a) ,  6 ( b ) ,  and 6(c)  for  the elevon/body f l ap  deflections of 
Oo/Oo, 15O/13.75O, and -40°/-14.250, respectively. Tabulations of body and 
s tab i l i ty -ax is  coeff ic ients  a r e  presented in the Appendix. 

In f igure 5, the 

These data indicate  no major performance anomalies and are  presented 
w i t h o u t  fur ther  analysis as a par t  of the overall data base. 

REFERENCES 

1. Schaefer, William T., J r . :  Characterist ics of Major Active Wind 
NASA TM X-1130, 1965. Tunnels a t  the Langley Research Center. 

I 
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TABLE I 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : 

GENERAL DESCRIPTION ; Fuselage 

Body - B-19 

Model Scale = 0.010 

DRAWING NUMBER : ~ vL70-000139B 

DIMENSIONS : 

Length 

Max Width 

Max Depth 

Fineness Ratio 

Area 

Max. Cross-Section01 

Planform 

Wetted 

Base 

FULL SCALE 

32.7 rn 1290.3 i n .  

6.7 m 267.6 i n .  - 244.5 in. 

4.82 

386'.67 ft2 2 35.9 m 



TABLE I (Continued) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Canopy - c7 - 
GENERAL DESCRIPTION 

Model Scale = 0.010 

DRAWING NUMBER : .I ~ ~ 7 ~ - ~ ~ ~ ~ 3 9  

DIMENSIONS : 

length 

Max Width 

Max Depth 

FULL SCALE 

6.02 m 237.0 in .  

Fineness Ratio 

Area 

Max. Cross- Sect ional 

Planform 

Wetted 

BQSO 



TABLE I (Continued) 
MODEL DIMENSIONAL DATA 

MODEL COMPONENT: Wing - w107 

GENERAL DESCRIPTION: Configuration 3A 

Model Scale = 0.010 

DRAWING NUMBER: VL70-000 139B 

DIMENSIONS : 

TOTAL DATA 

Area 
Planform 
Wetted 

Span (equivalent)  
Aspect Rat io 
Rate o f  Taper 
Taper Rat io  
D i  hedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles, degrees 

Leading Edge 
T ra i  1 i ng Edge 
0.25 Element L ine 

Root (Wing Sta. 0.0) 
T ip  , (equi Val en t ) 
MAC 
Fus. Sta. o f  .25 MAC 
W.P. o f  .25 MAC 
t3.L. o f  .25 MAC 

T i  p 

Chords : 

A i r f o i l  Sect ion (RI-Mod, NASA 
Root XX X X- 64 

EXPOSED DATA 

Area 
Span, (equi va len t )  
Aspect Rat io  
Taper Rat io  
Chords 

Root 
T ip  
MAC 
Fus. Sta. of .25 MAC 
W.P. o f  .25 MAC 
B.L. o f  .25 MAC 

FULL-SCALE 

249.9 m2 - 
23.79 m 

2.26 
1.17 
0.200 
3.50 
0.50 
3.00 - 

45.00 - L4 
3b.Zl 

17.50 rn 
3.W m 

12.06 m 

0.10 
0.12 

162.79 m2 
18.30 m 
2.05 
0.245 

14.28 m 
3 . s ~  m 
9.98 m 

2690 ft2 - 
936.68 in .  

689.24 i n .  
131.83 i n .  
474.8 in.  

_ _ ~  ~ 

1752.29 ft2 
720.68 i n .  

562.4 in .  
137.85 in. 
393.03 i n .  

- 

N ASA-MS F C-MA F 



TABLE I (Continued) 

MODEL DIMENSIONAL DATA 

c 

Model Scale = 0.010 

DRAWING NUMBER VL70-000139B 

DIMENSIONS 

Area 

Span (equi Val en t) 

In b'd equi valent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Trai I ing Edge 

H ingel i ne 

Area Moment (Normal to hinge line) 

FULL SCALE 

19.09 m2 

8.97 m 

2.91 rn 

1.39 m 

,208 

.400 

n 

-10.24 

0 

43.83 m3 

205.52 ft2 

353.34 i n .  

114.78 i n .  

55.0 i n .  

1548.07 ft3 



TABLE I (Continued) 

. 

M O D E L  COMPONENT : 

M O D E L  DIMENSIONAL D A T A  

OMS Pod - M4 
G E N E R A L  D E S C R l P T l O N  : Lightweiqht conf igura t ion  - w i t h  nOZtleS 

removed. 

Model Scale = 0.010 

DRAWING NUMBER : VL70-000139 

DIMENSIONS : 

Length 

Max Width 

Max Depth 

Fineness Ratio 

Area 

Max. Cross- Secti onal 

Planform 

Wetted 

Base 

FULL SCALE 

8 .3  m 327.0 i n .  

2.7 m 108.0 i n .  

2.8 m 113.0 i n .  



TABLE I (Con t inued)  

MODEL DIMENSIONAL DATA 

MODEL COMPONENT : 

GENERAL DESCRIPTION : 

Body Flap - F5 

Model Scale = 0.010 

DRAWING NUMBER ' vL70-000139 

DIMENSIONS : 

Length 

Max Width 

Max Depth 

Fineness Ratio 

Area 

Max. Cross- Sectional 

Planform 

Wetted 

Base 

FULL SCALE 

2 . 1  rn 84.7 in. 

2 13.2 rn 

267.6 i n .  

142.5 ft2 

. 



TABLE I (Continued) 
MODEL DIMENSIONAL DATA 

MODEL COMPONENT: MPS Nozzles - N39 - - - I__ 

b GENERAL DESCRIPTION: Conf ieura t ion  3A MPS Nozzles -I- I . .I-_ - .--. 

FULL SCALE DIMENSIONS 

Length 

Gimbal Po in t  t o  Ex i t  Plane -__I_. 3 . 9  m . - 157 i n .  

2.5 m 9 9 . 2  in. Throat  t o  E x i t  Plane 

Diameter 

E x i t  2.3 m Y 4  in. 

Throat  1.09 m 4 3  i n .  

I n l e t  

Area 

48.193 f t 2  2 4 . 4  m 
--.__ 

- - - 
E x i t  

Throat 

Gimbal Poin t  ( s t a t i o n )  

Upper Nozzle 
X 
Y 
2 

NOT USED c 

Lower Nozzles 
X 
Y 
Z 

3 7 . 1  m 1462 i n .  
BOTH NOZZLES USED k1.3 m +53 in. 

- -- 342.7  i n .  8.7 m 

Null  P o s i t i o n  

Upper Nozzle 
P i t c h  NOT USED 
Yaw 

Lower Nozzles 
P i t c h  
Yaw 

. 

l o o  
3.5O 

- 



TABLE I (Continued) 
MODEL DIMENSIONAL DATA 

MODEL COMPONENT: Ve r t i ca l  T a i l  - V7 

GENERAL DESCRIPTION: Center1 i n e  t a i  1, double-wedqe a i  r f o i  1 w i th  

rounded 1 eadi ng edge. 

Model Scale = 0.010 

DRAWING NUMBER: 

DIMENS IONS : 

TOTAL DATA 

Area 

FULL-SCALE 

P1 anf om 
Wetted 

Span (equi va l  en t ) 
Aspect Rat io 
Rate o f  Taper 
Taper Rat io 
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynami c Twi s t , degrees 
Toe-In Angle 
Cant Angle 
Sweep Back Angles degrees 

Leading Edge 
T r a i  1 i n g  Edge 
0.25 Element Line 

Root (Wing S t a .  0.0) 
T i  p , (equi va 1 en t ) 
MAC 
Fus. Sta. o f  .25 MAC 
W.P. o f  .25 MAC 
B.L. o f  .25 MAC 

Leading Wedge Angl e, deg . 
T r a i l i n g  Wedge Angle, deg. 

Chords: 

Airfoil Section 

EXPOSED DATA 

Area 
Span (equi va l  en t) 
Aspect Rat io 
TaDer Rat io  
Chords 

Root 
T ip  
MAC 
Fus. 
W.P. 
B.L. 

Sta. o f  .25 
o f  .25 MAC 
of .25 MAC 

39.57 rn2 

8.01 m 
1.67 
0.507 
0.404 

45.0 
26.249 
41.13 

6.82 m 
m r n  

5.07 rn 

10 .o 
14.92 

MAC 

425.92 ft2 

315.72 i n .  

268.50 i n .  
108.47 i n .  
199.81 i n .  

NASA-MSFC-MAF 



TABLE I (Concluded) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT . 

GENERAL DESCRIPTION 

Rudder - R5 

- Model Scale = 0.010 

DRAWING NUMBER V L70- 000095 

DIMENSIONS 

Area 

Span (equivalent) 

In b'd equi valent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 

Area Moment (Normal to hinge line) 

FULL SCALE 

106.38 ft2 2 9.88 in 

201.0 i n .  

2 .32  rn 91.585 i n .  

1.29 m 50.83 in. 

0.400 

0.400 

34.83 

26.25 

34.83 

14.89 rn3 526.13 ft3 
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APPEND1 X 

TABULATED SOURCE DATA 

Plotted data tabulations are 
available from DMS on request .  
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